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Abstract
Background: Successful use of the hanging manoeuver during a hepatic resection requires the tape to
be placed anatomically. The aim of this study is to describe the outcomes after variations in tape
placement while using the hanging manoeuver during a left hepatectomy.
Methods: A whole cohort in whom the hanging manoeuver was attempted for a left hepatectomy from
March 2003 to October 2011 was divided chronologically into three groups based on the tape position in
the hilum along the ligamentum venosum (LV); conventionally between the right and left Glisson's pedicles
(group 1), at the ventral side of the LV (group 2), and at the dorsal side of the LV (group 3). Patient
characteristics, operative outcomes and complications defined using Clavien's classification were
compared.
Results: A total of 151 patients were enrolled in one of three groups: group 1 (n = 54), group 2 (n = 35),
and group 3 (n = 62). The hanging tape was successfully positioned in all patients as planned in the three
groups. In group 2 and 3, the hanging manoeuver was continuously applied during a parenchymal
transection. The Glisson's pedicle injury during hilar dissection was more common in group 2 (%, 51.4
versus 5.6 in group 1 and 3.2 in group 3; P = 0.001). Group 3 showed a shorter median operative time
(min, 151 versus 210 in group 1 and 220 in group 2; P = 0.001), a shorter median hospital stay (days, 7
versus 10 in group 1 and 2; P = 0.012) and a lower complication rate (%, 1.6 versus 13.0 in group 1 and
37.1 in group 2; P = 0.001) without any operative mortality, major morbidity, blood transfusion or
reoperation.
Conclusions: The hanging manoeuver had 100% feasibility with good outcomes during a left hepate-
ctomy. The tape should be positioned to surround the left Glisson's pedicle and LV together as this helps
to protect the caudate lobe.
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Introduction
Two useful techniques during a major hepatic resection include an
extra Glissonian approach to the portal pedicle (Glisson’s pedicle
approach1) and the hanging manoeuver.2
By combining these two techniques, the authors have previ-
ously reported Glisson’s pedicle approach using a hanging
manoeuver during various liver resections,3 in which a left hepa-
tectomy preserving caudate lobe with or without the middle
hepatic vein (MHV) was performed in 45 patients. During these
resections, a hanging tape was placed along the ligamentum
venosum (LV).3
The prerequisites to a successful liver hanging manoeuver are
accurate positioning of tape based on liver anatomy and surgical
feasibility. If for a left hepatectomy, the same anatomical plane is
used as that described for a right hepatectomy, two drawbacks are
encountered. First, if the lower end of the hanging tape is placed
between the right and left Glisson’s pedicles as in dissection of the
right Glisson’s pedicle in a right hepatectomy, the caudate pedicle
branching from the left Glisson’s pedicle (LGP) may be subject to
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injury because it is on the transection plane, which can cause
atrophy or bile duct dilatation of the caudate lobe. Thus the
tape should be repositioned when parenchymal transection
approaches the caudate pedicle. Second, when the LGP is dissected
at the right of the origin of the umbilical portion of the LGP
towards the ventral side of the LV to circumvent the caudate
pedicle as described by Couinaud,1 there is a firm resistance that
we assume to be a Glisson’s sheath extended between the LGP and
the LV, and besides the hard sheath often contains vascular struc-
tures of blood or bile that may be injured by forceful dissection.
This can be avoided by dissecting the LGP along with the LV and
positioning a hanging tape to the dorsal side of the LV.
The purpose of this study was to describe the outcomes in
patients undergoing a left hepatectomy using the hanging
manoeuver after implementation of three technical modifications
to hilar dissection.
Methods
Study design
A whole cohort study was performed in all patients in whom the
hanging maneuver was attempted for left hepatectomy from
March 2003 to October 2011 in the National Cancer Center,
Korea. The institutional review board approved this study. Patient
characteristics, operative outcomes and post-operative complica-
tions stratified by grade according to Clavien’s classification4 were
reviewed from a prospectively maintained database. Glisson’s
pedicle injury during hilar dissection was defined as bleeding or
bile leakage requiring suture repair.
To assess the outcomes of the caudate lobe-preserving left hepa-
tectomy using the hanging maneuver by three tape positions
refined chronologically, a comparative analysis was performed
with all patients divided into three groups.
All patients were assessed with physical examination and
serum laboratory tests including hepatic reserve.5 Pre-operative
decision-making to consider the hanging manoeuver in a left
hepatectomy was based on tumor location using a triphasic com-
puted tomography (CT). The hanging manoeuver was not
attempted if tumours infiltrated or bordered the LGP, the LV, or
the space behind the MHV and the left hepatic vein (LHV) at the
level of hepatocaval confluence.
Surgical techniques
All the operations were performed by a single surgeon (S.H.K).
The abdomen was entered under a reverse L or upper midline
incision. The falciform ligament was used as a guide to approach
the hepatic hilum. The umbilical portion of LGP was exposed by
incising the overlying liver parenchyma.
After retracting the segments II/III of the liver, the lesser
omentum was incised and any aberrant left hepatic artery was
ligated. This exposed the papillary process of the caudate lobe. The
LV was ligated and divided at the junction with the root of the
LHV near the suprahepatic IVC. Dissection around the common
trunk of the MHV and LHV was performed carefully using a
curved clamp. In case of a left hepatectomy without MHV, the
LHV was dissected from the MHV. If the common trunk is long,
the dissection is slowly and carefully made with the ultrasonic
dissector in the slim parenchyma overlying the common trunk.
From patient No. 1 to patient No. 54 (group 1), the hanging
manoeuver for a left hepatectomy was performed with a tape
positioned along the LV with its lower end between the right and
left Glisson’s pedicles as reported previously (Fig. 1a).3 In this
situation, the tape has to be repositioned to save the caudate
pedicle branching from the LGP when parenchymal transection
approached the caudate pedicle.
From patient No. 55 to patient No. 89 (group 2), the lower end
of a tape was positioned at the ventral side of the LV after the LGP
was dissected at the distal level beyond the caudate pedicle as
described by Couinaud (Fig. 1b).1
From patient No. 90 to patient No. 151 (group 3), the lower end
of a hanging tape was positioned at the dorsal side of the LV after
the LGP was dissected together with the LV beyond the caudate
pedicle (Fig. 1c). The technique in group 3 is as follows. A large
curved clamp was introduced just at the right of the origin of the
umbilical portion of the LGP and passed through behind the LV,
which led to encircling of the LGP and LV, but saving the caudate
pedicle (Fig. 2). A tape for hanging was seized with the clamp and
pulled back with the clamp. Therefore, the hanging tape was made
to be positioned with the upper end at the right or left side of
MHV, depending on whether or not the MHV was included and
Figure 1 Illustrated are three positions of the lower end of a hanging
tape in the hilum. (a) Between the right and left Glisson's pedicles
(LGP) as in dissection of the right Glisson's pedicle in a right hepa-
tectomy (group 1). (b) At the ventral side of the ligamentum venosum
(LV) after the LGP was dissected at the distal level beyond the
caudate pedicle (CP) branching from the LGP as described by
Couinaud (group 2).1 (c) At the dorsal side of the LV after the LGP
was dissected together with the LV beyond the CP (group 3)
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the lower end between the right and left Glisson’s pedicles, simul-
taneously excluding the caudate pedicle from transection plane
(Fig. 3). Occlusion of the encircled LGP and LV revealed the
demarcation line on the liver surface. The parenchymal transec-
tion was performed with the ultrasonic dissection device along the
line with both ends of the tape oriented and pulled up for the
transection plane and continued cephalad and posteriorly aiming
at the tape until the tape was exposed. After the parenchymal
transection, the occluded LGP and LV was divided en masse or
after being dissected into each vascular structure. The common
trunk of MHV and LHV or the LHV was divided, depending on
whether the MHV was included or not.
For a left trisectionectomy (resection of segment 2, 3, 4, 5, and
8), the lower end of the tape was placed between the right anterior
and posterior Glisson’s pedicles and the upper end was laid at the
right side of the MHV but otherwise the same as indicated by the
above grouping.
Statistical analysis
Categorical and continuous variables were compared using the
chi-square test and the anova test, respectively. A P-value less
than 0.05 was considered statistically significant. All analyses were
performed using SAS version 9.1.3 for Windows (SAS Institute,
Cary, NC, USA).
Results
A total of 151 patients were enrolled in one of three groups: group
1 (n = 54, 35.8%), group 2 (n = 35, 23.2%) and group 3 (n = 62,
41.0%). There were 150 patients with histologically confirmed
malignant tumours or benign diseases and one living donor
(patient no. 95) in group 2 who donated the left liver graft with
MHV.
During the study period, another 13 patients (7.9%, 13/164)
were considered to have contraindication to perform the hanging
manoeuver pre-operatively because of tumour infiltration or
closeness to the LGP, the LV, or the MHV or LHV near suprahe-
patic IVC. These patients underwent a curative left hepatectomy
without using the hanging manoeuver. Among the 151 patients in
whom the hanging manoeuver was attempted, it was successful in
all patients.
Patient characteristics
The patient characteristics are listed in Table 1. There was no
significant difference in terms of age, gender ratio and disease
indication of the three groups.
Operative outcomes
Outcome measures including Glisson’s pedicle injury during hilar
dissection, operation time, blood loss and hospital stay are shown
in Table 2. No patient had an intra-operative transfusion. Resec-
tion type showed no statistically significant difference in the three
groups.
Morbidity and mortality
The median post-operative follow-up length of all the patients
was 20.2 months (range: 5–60). The overall complication rate was
13.9% with no mortality (Table 3).
Discussion
The usefulness and high feasibility of the liver hanging manoeuver
was first demonstrated in a right hepatectomy,6 in which the most
Figure 2 A large curved clamp was introduced just at the right of the
origin of the umbilical portion of left Glisson's pedicles (LGP) and
passed through behind the ligamentum venosum (LV), which led to
encircling of the LGP and LV together, but saving the caudate
pedicle
Figure 3 The hanging tape was positioned with the upper end
between the middle hepatic vein (MHV) and left hepatic vein (LHV)
and the lower end between the right and left Glisson's pedicles at
the dorsal side of the ligamentum venosum (LV), simultaneously
excluding the caudate pedicle from transection plane
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important and difficult step is the dissection of the plane anterior
to the IVC. On the contrary, a left hepatectomy has not such a
risky step and liver mobilization is relatively easier than in a right
hepatectomy, but needs careful dissection of the LGP and around
the junction of the MHV and LHV with the IVC for application of
the hanging manoeuver using Glisson’s approach.
In all the patients in this study in whom the hanging manoeuver
was attempted, a success rate of 100% was achieved irrespective of
three different positions of the lower end of the tape after dissec-
tion of the LGP in the hilum. It is important to note that pre-
operatively patients with tumours infiltrating or bordering the
LGP, the LV or the space behind the MHV and LHV at the level of
Table 1 Characteristics of 151 consecutive patients
Group 1 (n = 54)
(patients 1–54)
Group 2 (n = 35)
(patients 55–89)
Group 3
(n = 62)
(patients 90–151)
Total
(n = 151)
(patients 1–151)
P-value
Gender (male/female) 38:16 21:14 43:19 102:49 0.549
Age (years) 0.681
Median 62 59 61 61
Range 37–70 25–76 47–79 25–79
Malignant diseases 51 (94.4%) 33 (94.3%) 59 (95.2%) 143 (94.7%) 0.462
Hepatocellular carcinoma 37 23 49 109
Colorectal liver metastasis 11 9 9 29
Cholangiocarcinoma 3 1 1 5
Benign diseases 3 (5.6%) 1 (2.9%) 3 (4.8%) 7 (4.6%) 0.587
Haemangioma 1 0 1 2
Intrahepatic duct stone 1 1 0 2
Adenoma 1 0 1 2
Intraductal papilloma 0 0 1 1
Living donor 0 1 (2.9%) 0 1 (0.7%) 0.952
Child–Pugh grade
A 54 (100%) 35 (100%) 62 (100%) 151 (100%)
B 0 0 0 0
Table 2 Operative outcomes of 151 caudate lobe-preserving left liver resections
Group 1 (n = 54)
(patients 1–54)
Group 2 (n = 35)
(patients 55–89)
Group 3
(n = 62)
(patients 90–151)
Total
(n = 151)
(patients 1–151)
P-value
Types of liver resection 0.844
Left hepatectomy 34 (62.9%) 21 (60%) 39 (62.9%) 94 (62.3%)
Left hepatectomy with MHV 20 (37.0%) 13 (37.1%) 22 (35.5%) 55 (36.4%)
Left trisectionectomy 0 1 (2.9%) 1 (1.6%) 2 (1.3%)
Pedicle injury during dissection 3 (5.6%) 18 (51.4%) 2 (3.2%) 23 (15.2%) 0.001
Operation time (min) 0.001
Median 210 220 151 180
Range 150–260 160–280 90–200 90–280
Blood loss (ml) 0.037
Median 300 400 300 300
Range 100–600 100–1000 100–400 100–1000
Post-operative hospital stay (days) 0.012
Median 10 10 7 9
Range 7–12 7–15 6–10 6–15
MHV, middle hepatic vein.
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hepatocaval confluence were excluded from this study. It is the
authors’ opinion that the hanging manoeuver in such patients is
contraindicated.
The overall operative outcomes are suggestive of the advantages
of the hanging manoeuver. The less blood loss and shorter opera-
tive time with no transfusion in all patients led to no operative
mortality or major morbidity with a median post-operative stay
of 9 days. This hospital stay was even shorter than 14 days for a left
hepatectomy reported at an Asian centre.7 In Korea, patients can
stay under the coverage of medical insurance until they become
able to do daily activities for living independently.
There have been two modifications from the original approach
in the dissection of the LGP.
The first approach to dissect the LGP as reported previously3
had a shortcoming to reposition a hanging tape when parenchy-
mal transection approached the caudate pedicle branching from
the LGP. Moreover, the caudate pedicle could be injured or com-
pressed by the upward pulling force exerted on the tape during the
hanging manoeuver. Although the authors have not observed any
harmful sequelae requiring therapeutic measures, the atrophied
caudate lobe or dilated caudate bile duct was detected on post-
operative follow-up CT in three patients in group 1.
The second approach described by Couinaud1 employed to cir-
cumvent the caudate pedicle also had its downside that tough
tissue assumed to be an extension of Glisson’s sheath between
the LGP and the LV hindered a curved clamp introduced just at
the right of the origin of the umbilical portion of the LGP from
passing out between the LGP and LV. The authors had to
abandon this approach after having experienced a pedicle injury
such as bleeding or bile leak in 18 of 35 left liver resections. This
is why the number of patients in group 1 is smaller than those of
group 2 or 3.
By this process of trial and error, it came to light that a curved
clamp introduced just at the right of the origin of the umbilical
portion of the LGP could come out smoothly through the dorsal
side of the LV without resistance. Therefore, this recent approach
has consecutively been used to dissect the LGP along with the LV
since then.
When comparing the three groups of this series, the operative
speediness and correctness was notably improved without impair-
ing patient safety in group 3, which had a shorter hospital stay and
a lower complication rate as well as a shorter operative time,
leading to only one patient with a grade I complication.
The injury of the Glisson’s pedicle during the hilar dissection
was significantly more common in group 2 than in group 1 or 3,
which was caused by tearing a hard tissue between the LGP and
LV. This injury, especially bile leakage, might be a potential source
of a post-operative biliary complication in spite of immediate
suture repair. An extended left hepatectomy has been reported to
increase the risk of central bile duct injury such as an injury
leading to leakage or stenosis of the common bile duct, common
hepatic duct, right or left hepatic duct.8 Bile leakage was more
common in the Glisson’s pedicle transection method group
than in standard controlled method group, and occurred more
frequently in patients who underwent a left hepatectomy than in
those who underwent a right hepatectomy.9 In this study of the
so-called disadvantageous left liver resection in terms of biliary
complication that also included 55 extended left hepatectomies
and 2 left trisectionectomies using the Glisson’s pedicle transec-
tion method, the biliary complications occurred in 5 patients
(3.3%) and all of them were biliary leakage with no stricture. The
3 out of 5 patients with biliary leakage occurred in group 2, which
is suspected to have something to do with a high incidence of
Glisson’s pedicle injury during the hilar dissection in group 2.
Table 3 Post-operative complications graded using the Clavien system5
Grade Group 1 (n = 54)
(patients 1–54)
Group 2 (n = 35)
(patients 55–89)
Group 3 (n = 62)
(patients 90–151)
Total (n = 151)
(patients 1–151)
P-value
I 4 (7.4%) 7 (20%) 1 (1.6%) 12 (7.9%) 0.006
2 wound infection 3 wound infection 1 wound infection 6 wound infection
1 bile leakage 1 bile leakage 2 bile leakage
1 fluid collection 2 fluid collection 3 fluid collection
1 pleural effusion 1 pleural effusion
II 2 (3.7%) 4 (11.4%) 0 6 (4.0%) 0.022
1 mechanical ileus 1 mechanical ileus 2 mechanical ileus
1 hypophosphatemia 2 hypophosphatemia 3 Hypophosphatemia
1 transfusion 1 transfusion
IIIa 1 (1.9%) 2 (5.7%) 0 3 (2.0%) 0.153
1 bile leakage 2 bile leakage 3 bile leakage
IIIb 0 0 0 0
IVa 0 0 0 0
IVb 0 0 0 0
V 0 0 0 0
Total 7 (13.0%) 13 (37.1%) 1 (1.6%) 21 (13.9%) 0.001
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The three different Glisson’s approaches were also useful in 5
cholangiocarcinoma patients requring vascular skeletonization
for lymph node dissection. The dissection of the right and left
Glisson’s pedicles was performed initially at the hilum so that
the left hepatic artery and portal vein could be dissected within the
isolated LGP before or after liver parenchymal transection by the
hanging maneuver. However, the left hepatic duct embedded in
the hilar plate was divided after rather than before or during
parenchymal transection because the accurate cutting point of the
bile duct comes more clearly into direct view and the bile flow is
maintained longer to minimize intraperitoneal bile spillage.
To make the most of the advantages of the hanging manoeuver,
it was used from the beginning of the parenchymal transection
after positioning of the tape. The good outcome of the hanging
manoeuver from the start of the parenchymla transection using
the Glisson’s approach was reported in a right hepatectomy in
living donors.10 Likewise, by exposing the MHV early and follow-
ing its right or left side up to the IVC depending on whether or not
the MHV is included, the parenchymal transection plane can be
guided correctly by the hanging tape in a left liver resection. It is
the authors’ belief that the hanging manoeuver applied in the
correct anatomical plane could achieve better outcomes after a left
liver resection.
In conclusion, a modified hanging manoeuver had 100% feasi-
bility with good outcomes after a left hepatectomy. The important
modification is that the tape should surround the LGP and LV
together thus offering better protection of the caudate lobe.
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